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TRANSACTIONS

OF THE

BOTANICAL SOCIETY OF EDINBURGH.

SESSION LXX VI.

	

PRESIDENTIAL ADDRESS. 	 SOME MODERN ASPECTS OF
APPLIED BOTANY. By A. W. BORTHWICK, D.Sc.

ALL progress of nations and increase in population is
preceded by the discovery of some new natural resource
or by a new use of a previously known one. Science is
the working force which leads to increase of knowledge
and industrial progress. Industries increase, but natural
resources are in danger of exhaustion. The average man
demands more and more, and his needs increase with
civilisation and industrial progress ; hence at the present
day he must study, investigate, and learn how to utilise
the natural resources with the greatest economy ; and as
man demands more from Nature, she in turn demands
more from man. He must learn how to care for his crops
more scientifically, to increase their yield, and also to
conserve and improve the soil. In what way can the
natural resources be best and most economically utilised ?
The obvious answer is by studying them in a scientific
manner in order that we may learn how to utilise them in
a scientific way. In the realms of science botany stands
out pre-eminently as the science which comes into the
most intimate contact with the fundamental problems of
life and living things. It is at the same time the science
which lends itself most readily to practical application in
many economic directions. Plants may be studied in a
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2 TRANSACTIONS OF THE [SEss. LxxVT.

purely scientific spirit—that is, to increase the sum of
human knowledge in the endeavour to satisfy the mind
regarding the problems of life and existence. Impelled by
his natural curiosity, man is always investigating, always
discovering, and always discovering more to be discovered.

The study of plants and the operations of the laws of
nature is of direct value as a humanising influence upon
mankind ; but when we can apply the knowledge so gained
to some practical, economic purpose, we add not only to the
usefulness but also to the dignity of the science.

Investigations pursued with a practical or economic
object in view have in the past many times incidentally
led to the elucidation of problems of interest in pure
science, and, on the other hand, discoveries of the greatest
technical importance have been made by men engaged in
pure science investigation. It is impossible to separate the
investigation of pure science from that of applied science,
and every day the opinion is gaining ground that there is
nothing derogatory to science in its application to the
arts and industries. In pure and applied biological science,
and, indeed, in all science, there should be a common
meeting-ground between the scientist and the practical
man. In forestry, agriculture, and horticulture the
practical man comes daily in contact with phenomena of
diverse kinds, and in time he comes to know a large
number of isolated facts, the meaning of which he is apt
to misunderstand or to misinterpret. Had the practical
man a little more science, or if the scientific man came
more into contact with him, much valuable knowledge
would be gained on both sides, and much time and money
saved.

This fact is clearly recognised by our Society, as the
following extract from its general views and objects
shows :—

" The attention of the Society is turned to the whole
range of Botanical Science, together with such parts
of other branches of natural history which are
immediately connected with it. These objects are
cultivated :

" By holding meetings for the interchange of botanical
information, for the reading of original papers or
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 3

translations, abstracts or reviews of botanical work,
regarding any branch of botanical knowledge, practi-
cal, physiological, geographical, and palaeontological,
and the application of such knowledge to agriculture
and the arts."

This is what led me to select as the theme of my address
some practical aspects of applied botany.

In the whole range of botanical science, possibly cecology,
physiology, and pathology are the three most important
departments as applicable to the industries and arts.

The Society at the present time is strong in cecological
experts, and has within the last year or two published
several important communications bearing on cecological
problems.

Regarding the introduction and cultivation of new
plants of economic value, we find that this branch of
economic botany has not received as much consideration
and thought as its importance deserves. No doubt the
world has been searched for plants of value in horticulture,
and many trees, shrubs, and herbaceous plants of great
ornamental value have been introduced, but no properly
organised and systematic endeavour has been made to
introduce and test new species of economic rather than of
ornamental importance. Several of our large seed firms
and many private individuals have rendered valuable
service to the nation by the production of new and im-
proved varieties of plants already in cultivation, and the
recent science of Genetics is certain in the near future to
enable man to produce with greater rapidity and certainty
plants of improved quality. It is, however, not only
necessary to discover or to artificially produce new
varieties : we must go further, and test the suitability of
these new species and varieties under varying cecological
conditions. Owing to the endless modification in soil and
climate, it is not possible to formulate definite rules, and to
say whether a variety which is a success in one place will
do equally well in another. Still, by making an cecological
study of a plant in its native habitat, we can form a very
good opinion of how it will behave when introduced into
new conditions. A knowledge of a plant's cecological
characteristics enables us to select those conditions of
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4 TRANSACTIONS OF THE [SEss. LXXVI.

locality and environment which are most likely to supply
its requirements. At the same time it is only by actual
trial or experiment that such questions can be definitely
settled. We must apply to Nature direct for our informa-
tion, and ask such questions by means of experiment, and
note the reply she gives. I wish here to emphasise the
fact that experiments based on scientific principles are
likely to yield better and more valuable results than those
conducted on blind trial and error, or rule of thumb
methods. It is therefore essential that such trials should
be carried out under expert supervision. It may be that
some slight error in cultivation leads to failure ; hence it
is necessary to know in each case when failure occurs why
it occurs, and, having found the cause. to try if anything
can be done to ameliorate or modify the conditions to suit
the plant. Otherwise, through some initial error or failure
to select the proper cultural method, a plant might be lost
which would otherwise have proved a valuable addition to
the economic flora. It is in connection with such problems
that the study of plant ()ecology will prove of great economic
importance. In itself the study of plant cecology, or the
geographical distribution of plants on a physiological basis,
is of the highest scientific value ; and when we can apply
its results in a practical manner to the cultivation of plants,
it assumes an economic value of equal merit.

As an illustrative example, let us for a moment consider
Dr. Kienitz's important investigations into the shapes and
types of the Scots pine, as it furnishes a splendid example
of the value of °ecological studies to a practical industry
like forestry. He has shown that the tree occurs in several
°ecological forms, among which two well-marked cecological
types can be readily distinguished. The one a strong-
branched, strong-crowned tree, which is the typical form
in Scotland ; the other a slender, pyramidal-shaped tree,
which is typical of the Baltic provinces. Such types are
found to be hereditary, and are not altered by altered
climate and soil. The Scottish type is better adapted to
hold its own in the struggle for life in milder localities,
whereas the slender, pyramidal type is better able to hold
its own under more rigorous conditions, where wind, and
especially heavy snowfalls, constitute the primary dangers.
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 5

Great care should therefore be exercised in selecting seed
or in planting seedlings, of whichever form is better suited
to a definite locality.

In many places in this country we have examples of the
Alpine or northern form of the Scots pine planted where
they have no business to be.

Plant Disease.—In applied botany there is no depart-
ment of greater economic importance than that which deals
with plant disease, i.e. plant pathology.

Plants of all kinds as living things are subject to disease.
It is difficult to give a short, concise definition of disease.
The following is a dictionary definition : " A derangement
in the structure or the function of any organ belonging to
a vegetable or animal," but this does not convey any
definite or clear meaning. After all, probably it does not
matter much whether we can in words draw up a hard and
fast definition, a s there is no hard and fast line of demarca-
tion between health and disease. Let us for the present
understand by disease any marked deviation of the vital
functions from the normal. We may have various stages
of healthiness, from the perfectly healthy body or organ,
through less healthy conditions, till a diseased state is
reached, and likewise we may have various stages of
disease, from slight to severe. For health, the living body
and its organs must be normal, and the environmental
factors and conditions must approach as near the optimum
in each case as possible. Otherwise, signs of unhealthiness
may appear, probably not sufficient at the moment to cause
much alarm to the practical cultivator, but the scientist
knows that plants, even though slightly weakened, may
have developed a predisposition to unhealthiness, and
crops, though not actually diseased, may nevertheless be
liable to an epidemic attack, the conditions for which may
be made favourable through loss of vigour of the plants.

Loss of vigour and subsequent unhealthiness in plants
may be caused by unfavourable environment. In the plant
kingdom, as in the animal kingdom, unfavourable environ-
mental conditions may be grouped under two heads, namely,
physical and organic environment. The physical environ-
ment is supplied by the soil in all its variations of chemical
composition, depth, porosity, moisture, temperature, texture,
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6 TRANSACTIONS OF THE [SESS. LXXVI.

air-content, etc. Then we have the atmospheric conditions,
namely, temperature, moisture, precipitations, lighting, wind,
etc., the conditions of soil and atmosphere ; in other words,
the climate varies with latitude, altitude, aspect, and ex-
posure. Man has but little power to ameliorate the atmo-
spheric conditions, but he often does the opposite by allowing
air to become polluted by smoke and poisonous fumes, thus
producing conditions highly inimical to plant life.' On the
other hand, something may be done to ameliorate the soil
conditions. For example. by draining, manuring, and
cultivating. As regards altitude, exposure, and aspect,
man can select and cultivate species or varieties in those
localities or situations where each is likely to find its nearest
approach to its optimum conditions.

The organic environment is supplied by the plant and
animal kingdoms. In the vegetable kingdom we have
plants in competition with one another for the best soil
and air space. We have also the saprophytic and parasitic
forms. The soil bacteria are not the least important
members of the organic environment, although mentioned
last.

The science of Mycology is of the greatest importance in
pure and applied botany. Fungi play a very important
role in nature as saprophytes and parasites. Many forms
have by careful selection and cultivation been pressed into
the service of man in such important industries as cheese-
making, bread-baking, wine and cider preparation, brewing,
distilling, etc.

The cultivated mushroom and the numerous wild edible
forms, only too little known, have their importance as food
plants. Finally, the study of the parasitic disease-causing
forms is of the highest theoretical and economic importance.

Pure science in investigating the effect of disease aims at
discovering the changes of the living substance and tissues.
It may be called Cytopathology. Applied science considers
the influence of disease on the plant as regards its economic
value. We must combine both in order to understand the
phenomenon from an economic standpoint.

I The question of smoke and fume damage to plants is receiving
greater attention than ever on the Continent. Such damage has
increased enormously with increasing industrial development.
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 7

The fungi, bacteria, and insect enemies of cultivated
plants cause enormous damage and annual loss, not only to
the cultivators of plants, but to the nation as a whole.

In Prussia the Phytopathological Commission gave in
1893 a striking example of the loss caused by grain-rust.
The data were supplied by the Prussian Statistical Bureau,
so that the figures are official. In 1891 the wheat harvest
amounted to 10,547,168 doppelcentner, which at 22 marks
per dc. would have amounted to £11,459,690,but 3,316,059 dc.,
or £3,595,758, fell to be deducted through depreciation b y
rust. From the rye harvest had to be deducted £8,896,364.
Similarly, from the oat harvest had to be deducted £8,138,023.
Hence the loss on a single harvest of wheat, oats, and rye
amounted to £20,628,147. In Australia the loss in wheat
in 1891 caused by rust was estimated at £2,500,000.

The coffee-leaf disease of Ceylon caused by the fungus
Hemileia was stated by Professor Marshall Ward to have
cost Ceylon over a million pounds per annum for several
years. He further states in his book on Disease in Plants
that one estimate puts the loss in ten years at from
£12,000,000 to £15,000,000. He further states that the
Hop Aphis is estimated to have cost Kent £2,700,000 in
the year 1882. If the recent outbreak of gooseberry mil-
dew of the American type had not been scheduled under
the Destructive Insect and Pest Act, and arrested, it would
no doubt have wiped out the gooseberry crop throughout
the country. Mr. E. S. Salmon states that the average
annual value of the gooseberry crop in Kent, Wisbech,
Evesham, Calstock, and Gloucestershire is from £97,000
to £160,000 in these districts alone. Also, that the value
of the gooseberry crop to cottagers, private gardeners, etc ,
is incalculable. It was principally through his energy and
influence that the disease was scheduled.

At the British Association this year Messrs. Barker and
Hillier described a disease known as Cider Sickness, that
causes a loss probably amounting to several thousand
pounds sterling each year in the West of England alone.
It is brought about by a bacterium.

A destructive bacterial disease of the banana and plantain
has recently been discovered in the West Indies. The
disease causes the leaves to become yellow and drop off
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8 TRANSACTIONS OF THE [SEES. LXXVI.

The terminal bud is eventually killed and the whole plant
rots down to the ground. The organism responsible for
this has been isolated, and is being provisionally called
Bacterium musce.

A disease like this might easily become epidemic and
ruin the cultivation of the banana in the West Indies, in
the same way as the coffee-leaf disease ruined the coffee
industry in Ceylon.

I need not comment further on the loss that would result
if plant pathologists were not on the spot, studying and
devising means to prevent such a catastrophe.

If we had any means of estimating the loss caused
annually by the dry-rot fungus, the figures would no doubt
be equally astounding.

We have very little means of estimating cases of annual
loss in this country due to disease, but the total must be
enormous. Reference to the failure for some years and
threatened extinction of the potato crop in Ireland about
sixty years ago, with its attendant loss and suffering to
millions of people, may recall the seriousness of an epidemic
disease of a food plant. Since then preventive means in
the shape of spraying have been devised, thanks to the
development of applied botany, whereby the disease may
be kept sufficiently in check to prevent a repetition of such
a dire calamity.

Within recent years an entirely new potato disease was
discovered by Schilberskzy in Upper Hungary, namely, the
Black Scab disease, which is caused by a fungus, Chryso-
phlyctis endobiotica. In 1901 this disease was found in
England by Professor M. C. Potter, and year by year it
spread round the originally affected area, and also appeared
in more distant localities, till centres of infection were
reported from all over the country. In 1908 it was
scheduled under the Destructive Insect and Pest Act as
a notifiable disease. It is to be hoped that this may be
effective in checking its further spread in this country.
About two years ago this same disease was discovered by
G. H. Gussow in Newfoundland. In connection with the
outbreak, Mr. Gussow was sent by the Department of
Agriculture of Canada to investigate the origin of the
disease, and assist and advise the Newfoundland Govern-
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 9

ment in dealing with it. He found the disease to be far
more prevalent in Newfoundland than was supposed, and,
needless to say, preventive measures have been put in
operation by the Canadian Government to prevent the
introduction of this disease to Canada. We can only form
conjectures as to what would have been the result had
this disease appeared forty or fifty years ago. Although
it had not actually become epidemic, still we have every
reason to suppose that in time it would have become epi-
demic if preventive measures had not been adopted as the
result of timely warning. An epidemic of Black Scab
would no doubt be much more severe than was the epi-
demic caused by Phytophthora infestans. The resting
spores of the Black Scab fungus are extremely resisting
to drought, and may remain capable of causing infection
although kept in a very dry state for years. The disease
itself is not influenced by varying seasonal conditions, such
as wet and dry seasons. Hence, if it had been allowed to
get the upper hand, its virulence would have been very
severe. Who knows but that the disease may have been
imported from this country to Newfoundland, and who
knows what other British dependencies may not have been
similarly laid open to the risk of infection ? In any case,
it is essential that all the resources of science should be
employed to stamp out any new disease directly it appears.

Owing to the increased and more rapid import and export
of plants and plant products (seeds, fruits, tubers, etc.)
there is an increased danger of their attendant diseases
being spread all over the world. In connection with disease
of forest trees, I pointed out in a paper 1 dealing with
the liability of the occidental and Japanese larches to be
attacked by Peziza Willkommii that : " As regards the in-
troduction of exotics which are intended to be grown as
timber - producing trees, certain objects must be kept in
view. For example, an exotic is worthy of cultivation in
our forests-

" Firstly, if it is of a species at present unrepresented and
capable of producing timber of utility, or if it possesses

1 "Peziza Willkommii, R.H., on Larix occidentalis, Nutt., and Larix
leptolepis, Gord.," published in " Notes from the Royal Botanic Garden,
Edinburgh, No. xxi., August 1909."
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10	 TRANSACTIONS OF THE	 [SESS. LXXV].

advantages as regards rate of growth, and is less exacting
as regards soil and climate.

" Secondly, the introduction of an alien species is desirable
if it is capable of resisting indigenous diseases, but great
care must be exercised so as not to introduce a new disease
along with an alien species. An exotic parasitic fungus if
introduced may become rampant on indigenous species, and,
vice versa, an indigenous parasitic fungus is equally liable
to attack an exotic host. . . .

" It is therefore quite possible that exotic trees from
virgin forests, when introduced into a new country and
grown under artificial conditions, may readily become a
prey to parasitic fungi, although hitherto in their native
habitat they may have been entirely free from disease of
any kind."

We are told that in its native habitat the occidental larch
is not attacked by Peziza Willkommii, and here was an
example of an exotic species becoming the prey of an
indigenous fungus, or, I should rather say, of a fungus
previously introduced from the Continent with the Euro-
pean larch. This country was in other words the common
meeting-ground of an American host plant and a fungus
disease from the Continent.

As I had already learned from my former teachers in
Munich, Professor R. Hartig and von Tubeuf, that such
dangers existed, I was glad to be able to add this example
as a warning in this country. How little such warnings
are sometimes heeded here and elsewhere the following
note by Professor von Tubeuf in his Journal, entitled

Naturwissenschaftliche Zeitschrift fur Forst- and Land-
wirtschaft," will show. He says : " In an article published
in the Year-Book of the German Dendrological Society for
the year 1904, p. 156, I drew attention to the danger and
frequency of the spread of plant parasites by commerce,
not only within a country, but from one country to another,
and even to distant parts of the world. I also cited several
instances of such occurrences. The transmission of the rust
disease of the Weymouth pine within Germany by young
infected plants was a typical example.

" The news which now comes from America is still more
interesting and significant. This dangerous disease of the
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 11

Weymouth pine has been introduced into America, the
home of Pinus strobus, with a consignment of seedlings sent
from Hamburg. In America the disease was unknown and
had never been seen there on native trees. Every pre-
caution has been taken to prevent the spread of the
disease, and it is hoped that this invasion may be repulsed
as a previous appearance of the disease in New York in
1906 was immediately stamped out.

" It is difficult to understand why America imports
seedlings of Pinus strobus in spite of all European
experience and warning, instead of supplying her own
wants by seedlings raised from native seeds."

Here is a remarkable example :—An American tree is
introduced into Europe, becomes the victim of a European
fungus, and in course of time young diseased plants are
sent from Europe to America, to the imminent danger of
the indigenous trees. The loss to America would have
been great if she had not had an organised department to
arrest and quarantine these infected plants even at the
eleventh hour.

The Weymouth pine is a very desirable tree to grow,
not only arboriculturally for ornamental purposes, but also
sylviculturally for the sake of its timber. It is called
White pine in America, but on this side of the Atlantic its
timber is known as Yellow pine, a kind of timber which
has become very scarce and expensive of late years, owing
to its having been too severely exploited in America. I
have seen this tree growing well in the south of England,
where it gave every promise of forming an excellent stand
of timber in a comparatively short rotation, but I also
noticed traces of this disease in its neighbourhood. In
Scotland the Weymouth pine grows quite well in suitable
places, but the disease is unfortunately rampantly epidemic.

The fungus belongs to the group of metoxenous forms, its
alternative host being almost every species of Ribes-
certainly R. nigrwm, R. alpinum, R. aureum, and
R. grossularia. This fungus is doubly injurious, since it
attacks two host plants of economic importance. No
effort should therefore be spared to prevent the further
spread of this disease or to stamp it out, and such is not
beyond the power of properly organised practical mycology.
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12	 TRANSACTIONS OF THE	 [Sass. Lxxvr.

The remedy recommended is to remove whichever of the
host plants is considered to be of the least economic value.

There exist among cultivated plants different varieties,
some of them predisposed to disease, others immune. The
immunity may be due to anatomical or physiological
differences. Whatever the cause of the immunity may be,
we can always test whether it exists or not by experi-
mental methods. The fact of great importance is that it
is possible to produce varieties which can resist certain
diseases, and we are now learning more about the laws
which govern the production of varieties, so that the special
variety desired can be produced with greater certainty and
rapidity than was formerly the case. Our future efforts in
stamping out disease must be concentrated more on the rear-
ing of resistant varieties than has been the case in the past,
and this is another of the ways in which the modern science
of Genetics will prove of great value in applied botany.

The remedies for plant disease are mostly all of the
nature of antiseptics or fungicides. They are not of the
nature of medicines, as generally understood in animal
ailments. Still, much may be done by keeping the plant
healthy, and supplying it with the right kind and amount
of food. Attention to the proper supply of water, heat,
and light is also of importance. In other words, keep the
plant in a proper hygienic condition, and it will, like the
animal under similar conditions, be better able to resist all
kinds of disease. In order to do this we must study and
understand the inter-relationship between the plant and its
surroundings, and it is in this connection that the study of
plant cecology from a physiological point of view is of such
vital importance.

The method of dealing with outbreaks of disease when
they occur locally may be of advantage locally, but in-
dividual or isolated action, though of use, is of very little
avail in stamping out an existing or preventing a threatened
epidemic, because the methods employed are not funda-
mental : they do not strike at the root of the disease.

In stamping out disease we must have properly organised
and combined action, otherwise the best efforts are bound
in the long-run to prove futile.

The Americans were among the first to realise the im-
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 13

portance of plant disease as a national economic question,
on account of the enormous loss which, we have seen, may
be caused thereby, and they have a special phytopatho-
logical section in their Department of Agriculture, which
Department dates from 1889 and has a Cabinet Minister
at its head. The aggregate appropriation since 1900 is
£18,002,412, and this year the Department has at its dis-
posal about £4,000,000, double of what it was in last decade.
The Department employs a staff of 12,480 men and women,
600 to 700 of whom are engaged in scientific research. The
money appropriated for the Department in all its branches
of activity would amount to £4,514,003. In spite of the
magnitude of this sum, it is regarded in America as an
investment, and not an expenditure.

An interesting item is the vote of £1000 for the study of
the Chestnut Bark disease.

The Chestnut Bark disease is caused by a fungus,
Diaporthe parasitica, a wound parasite which attacks the
main trunk or branches of old and young trees. It first
attacked the native American chestnut, but it has spread
to the Japanese chestnut and other varieties. This disease
was first discovered by Dr. Murrill in New York Botanical
Gardens in 1905, and reported on by him in 1906. It
spreads with great rapidity.

The chestnut trees of greater New York have all been
attacked and practically destroyed. Many valuable trees
have been destroyed in all the counties of New Jersey.
It has gone through Connecticut westward to the Berkshire
Hills, and has spread over Long Island and Staten Island,
and has reached far enough west to invade a large area in
Pennsylvania. Unless sonic means is found to arrest the
disease, it bids fair to ruin the growth of chestnuts in
America, where the timber is highly prized for railway
sleepers and posts, mining timber, and farm purposes. In
rough construction it is used extensively. Government
reports show that the yield in 1907 was 650 million feet
B.M., of an estimated value of $11,000,000. The quantity
used for railway ties alone amounts to $3,000,000 per year.
The " Gardener's Chronicle of America " concludes an article
on this disease as follows :—" The loss upon which it is
most impossible to estimate in dollars is the loss to tree
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14 TRANSACTIONS OF THE [SEES.

lovers and tree owners, who would not take any amount
of money for the stately forest veterans which have been
the pride of their estates. There are large areas of
territory not yet reached by the fungus. We may hope
that its course may be run, or that study and experiment
may evolve an effective remedy before the disease shall
cover the remaining chestnut territory."

The expense of the Department may be great ; but when
the value of the work done and research carried out in the
realms of applied botany is set off against it, the expense
becomes dwarfed to vanishing point. Surely the American
Government is very wisely and well advised in spending
a paltry thousand pounds in order that, by study and
experiment, an effective remedy may be evolved to save
not only the remaining chestnuts but the future crops,
whose annual value is reckoned in millions.

Germany has now also a vast and well-equipped organ-
isation for research in connection with plant protection.

At home the practical cultivator of plants may get
scientific advice from the Board of Agriculture, apart from
which he has to seek his scientific advice from the staffs
of our Universities and Agricultural Colleges. Many
private societies and even individuals have hitherto done
much to disseminate scientific knowledge of great import-
ance to the practical grower of plants. We need only
glance at the publications of many different societies to
find much information, not only of great scientific interest,
but with a direct bearing on questions of practical im-
portance and utility. The Agricultural and Horticultural
Press has become a valuable national asset owing to the
way in which it has kept abreast of the times, and dis-
seminates a great amount of accurate and valuable infor-
mation and advice on matters where applied botany can
be of assistance to farmers, gardeners, fruit-growers, and all
who cultivate the soil.

How THE BOTANICAL SOCIETY MIGHT EXTEND ITS
RANGE OF USEFULNESS.

In organising their Department of Vegetable Pathology,
the Americans found it necessary to have special agents
in connection with each institution. These agents are
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 15

appointed in as many different localities as possible. One
of their principal duties is to instal and supervise experi-
ments of various kinds. Their reports are sent in to the
Central Institution, and when the results from a sufficient
number of localities seem to justify any conclusion being
drawn as to the success of, say, some preventive or remedial
measure in connection with a certain disease, then such
information is printed in bulletin form and circulated.

In Germany we find much the same kind of organisation.
In Bavaria, for example, the Central Institution, namely,
the Institute of Agricultural Botany, is situated in Munich,
and is under the direction of Dr. Hiltner, who has a staff
of highly trained experts in all branches of plant protection.
In conjunction with this Central Institution there are a
great number of local stations (Auskunftstellen) situated
in the smaller towns, villages, etc., throughout Bavaria. In
charge of these centres are local agents or representatives,
not necessarily expert plant pathologists, but nevertheless
men of scientific training. Many of these local represen-
tatives are clericals, schoolmasters, leading agriculturists,
etc. Their principal duty is to send in reports on specially
prepared schedules to the Central Institution as nearly as
possible every four weeks. Each local station has in turn
correspondents (Vertrauensmanner) in as many country
districts as possible. These correspondents are, so to speak,
the men on the spot, and they are constantly in touch with
the local agents, and thus the Central Institution is kept
constantly informed regarding the state of field and garden
crops all over the country, and, should occasion arise,
experts can at once be sent to investigate and advise. The
Imperial Biological Institution for Agriculture and Forestry
situated at Dahlem, near Berlin, is the principal institution,
and is kept posted up to date from all the other Central
Institutions of the empire.

The ceaseless activity of these institutions has already
resulted in the accomplishment of an extraordinary amount
of useful work of the highest scientific importance and
economic value.

As a Society, we cannot hope to deal with problems in
applied botany on the same scale as a well-organised and
subsidised State Department ; but, nevertheless, we could
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16 TRANSACTIONS OF THE [SEES. LXXVI.

be of some use, I think. We have Local Secretaries and
members almost all over the country, and no doubt many
would be quite willing to make systematic observations on
the occurrence, spread, and severity of plant diseases in
the forest, field, and garden of their own particular area.
Doubtful cases of any disease, the cause of which was not
evident to the local representative, might be sent in to
headquarters, where a Special Committee might investigate
and report. The reports and records of the Local Agents
and those of the Central Committee would in time become
not only of scientific interest but of great practical utility.

The making and recording of these observations may
seem all very simple and such as anyone might be able to
make, but I do not propose for one moment that such
records should contain a mere list of parasitic fungi found
from year to year ; such lists alone would have very little
scientific or practical value.

These investigations could only be carried out by
botanists. They would have to be of the nature of an
cecological study of the disease. Such factors as the
influence of the soil, the climatic influence, the local
method of cultivation, the nature of the attack—slight or
severe —the presence of other plants, in fact all the con-
ditionsditions in the physical and organic environment which
influence the relationship of host and parasite would be
noted and recorded. It is only by such means that we
can gain any clear and definite knowledge of the con-
ditions in nature which influence the increase or decrease
of disease. It is only when we are in possession of such
records that prophylactic measures can be evolved, and
plant hygiene placed upon a sound scientific basis.

The complete study of a plant disease may be presented
as follows :—First, we should learn to diagnose the disease
from its outward visible effect on the plant. This may be
called the symptomatology of the disease. Then comes
the study of the vetiology, or the investigation of the
cause. Then, after the cause is known, we are in a posi-
tion to find out the cure and future prevention, namely,
the therapeutics and prophylaxis. The first and last of
these, namely, the diagnosis and prophylaxis, are the most
important from the economic standpoint.
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1911-12.] BOTANICAL SOCIETY OF EDINBURGH 17

Everyone interested in the cultivation of plants should
endeavour to make himself familiar with the appearance
and effect, and possibly the botanical names, of the
commoner disease-causing fungi, also the general pre-
ventive measures to be adopted to prevent their spread.
It is of the highest importance that a plant disease of any
kind should be recognised in its earliest stages, as it is then
that its spread may be prevented either by a timely spray-
ing or by the more drastic method of removing the diseased
individuals and burning them to make sure the disease-
causing fungus is destroyed. It usually happens that
before the advice of the plant pathologist is sought, the
disease has made itself strikingly apparent by the amount
of damage done. It is then often too late to effect a cure.

On broader lines these remarks which apply to the
individual apply equally to the State. We have seen
how the Governments of other countries have established
Departments to watch over the health of cultivated plants,
and they are ready at a moment's notice, so to speak, to
aid these Departments by special legislation should occasion
arise in the shape of a threatened epidemic.

True, our own Government has passed special Acts with
the view of preventing epidemics, but, unfortunately, these
special laws have been so tardy and so long delayed that
their effect on the disease may be the same as the proverbial
delay in locking the stable door, and in any case there is
not sufficient supervision to ensure that these special laws
are carried out so as to be of real value.

From the earliest times we have records that cultivated
plants were subject to blights, pestilence, and disease, which
the earlier cultivators of the soil attributed to various
causes (moon, stars, etc.), but we also find the weather,
climate, and soil held responsible for various brands, rusts
and cankers. The existence of parasites or the phenomenon
of parasitism among plants was undreamt of. Still, we
have here a foreshadowing of the study of the effect of
the physical environment on the health of plants. We
know now that certain kinds of weather and climatic
conditions predispose plants to certain kinds of disease,
whose life-histories we know, and we also know that their
relationship to their host plants is regulated by external
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18 TRANSACTIONS OF THE [SESs. Lxxvi.

physical conditions which may render the host plants more
vulnerable, and thus enable the parasite to attack and
cause disease. The weather as a physical factor may pre-
dispose plants to certain organic diseases, so that the
observers in these early times were quite correct in their
observations, but their conclusions were inaccurate or
incomplete.

Bacteriology has mainly owed its development to the
work and research carried out in connection with patho-
genic forms. The importance of this department of applied
botany is too obvious to require more than a passing
comment. Although the layman may be accustomed to
think of all bacteria as harmful, still the great dependence
of the higher forms of plant life on those lower organisms
is being made clearer every day. As I have already said,
as man becomes more exacting upon the natural resources,
so must he in turn endeavour to help Nature by artificial
means. As cultivation becomes more intensive, the more
must man employ scientific methods to conserve and
improve the fertility of the soil, and, in this connection,
valuable service has been rendered to agriculture, forestry,
and horticulture by the botanist and chemist. The study
of plant chemistry and plant physiology has opened up a
wide field of research, in which already great progress has
been made, many valuable results achieved, and probably
nowhere with greater success than in the study of the soil
bacteria. The role played by the nitrogen-fixing soil
bacteria is becoming better understood every day. Suc-
cessful experiments have been carried out in artificially
inoculating the soil with these important organisms. In
other words, the soil may be sown with these useful
organisms, and upon the success of the development of this
invisible soil flora depends the success of crops of higher
plants. As we find almost always in Nature, these useful
soil organisms have their enemies in other soil micro-
organisms, and it has been found that by partially sterilising
the soil, crops are improved, the improvement being due
to the removal of those organisms inimical to the useful
ones. In other words, methods of plant protection may
be applied to protect these invisible plants, and thereby
improve the quality of the soil and sustain its fertility.
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During the last twelve years it is estimated that the
agricultural produce of America has amounted to
£16,000,000,000. The area of land under cultivation has
not increased anything like so rapidly as the value of the
agricultural produce ; for example, ten years ago the farm
products were valued at £800,000,000, now they amount
to £1,800,000,000. The increase is attributed entirely to
the better and more up-to-date scientific methods generally
employed by the farmers, and the change has been brought
about by the Agricultural Department.

Recently, on the recommendation of the Development
Commissioners, the Treasury has sanctioned the allocation
of funds to be administered by the Board of Agriculture
in initiating and organising schemes for systematic research
in agriculture. The sum to be expended when these
schemes are in full working order will be about £50,000
per annum.

Grants will be made for research in various groups of
subjects, among which we note plant physiology, plant
pathology, and mycology, plant breeding, and fruit grow-
ing, including the practical treatment of plant diseases,
plant nutrition, and soil problems. A fund not exceeding
£3000 per annum will be available for assistance in
special investigations, for which provision is not other-
wise made.

The Board thoroughly realises the importance of having
none but carefully trained men for work in connection
with the scheme. The Board therefore proposes to offer
for 1911, 1912, and 1913 scholarships of the value of
£150 tenable for three years. These scholarships will be
twelve in number, and will be awarded only to thoroughly
suitable candidates. Grants will also be made to Teaching
Institutions, Universities, Agricultural Colleges, etc., in
England and Wales. These will act as centres where
farmers may apply for scientific advice on important
technical questions, and further special investigations of
local interest can be carried out by these institutions.

By means of those grants for research scholarships, local
advice, and investigations, it is hoped to provide an expert
staff with both scientific and practical qualifications, the
members of which will be engaged in solving problems of

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
3:

37
 1

2 
M

ay
 2

01
5 
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local importance and endeavouring in every way to secure
the application of science to practice.

It is very satisfactory to know that steps are being
taken to provide more practical training for the university
and college student in order to promote the application of
science to practice. But. as I have already indicated, the
practical man should have better facilities for acquiring a
knowledge of the fundamental scientific principles upon
which his practice is based. With one or two notable
exceptions, it is not possible for the young gardener or
forester in training to attend systematic courses of instruc-
tion in the sciences underlying his future profession, unless
he happens to be fortunate enough to be employed in some
nursery or private garden in or near large towns. This
difficulty might be got over by providing bursaries to
enable such men to attend courses of instruction at suitable
institutions ; but to this method there is the very serious
objection that very few colleges are able to provide
practical training under proper supervision and control
along with scientific instruction ; however, there are indi-
cations that this unsatisfactory state of affairs will soon be
improved.

The point is—it is of importance that these practical
men should not, when getting theoretical training, lose
touch with practice ; also, that for the practical work
which they perform during theoretical training they
should receive payment adequate as a subsistence allow-
ance. A scheme whereby this is achieved is that which
has been in operation in the Royal Botanic Garden, Edin-
burgh, during the past twenty years. Young gardeners
and foresters are taken on the staff and receive certain
payment for their services, and at the same time are
taught free of charge the scientific element of their work.
There is no place in this country where more has been
done to provide employment, combined with practical and
scientific training, for the young gardener and forester,
than at the Royal Botanic Garden, and we should feel
proud that Edinburgh has led the way in this important
development ; and experience has shown that the men so
trained have had no difficulty in obtaining the best appoint-
ments both at home and abroad. With such provision for
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the training of the scientist and the practical man in
applied science we may look forward to a time when the
natural resources will be more carefully conserved and
utilised, and the only way whereby this end may be
achieved is through sound science to good practice.

REMARKS ON SOME AQUATIC FORMS AND AQUATIC

SPECIES OF THE BRITISH FLORA. By ARTHUR

BENNETT, A.L.S.

Dr. Gliick of Heidelberg is engaged on a study of the
aquatic species of the European flora ; and Dr. Rothert of
Krakau, Austro-Hungary, on a monograph of the genus
Sparganium.

Both have been this year in England to study our collec-
tions, and I had the pleasure of seeing them at my house
and talking these matters over with them ; these notes are
a result, and we trust that our species will be examined.

To Mr. G. West's examination of about 140 Scottish
lochs we are indebted for many hints as to the aquatic
condition of various species, both of terrestrial, semiaquatic,
and aquatic species. 1 In these two papers Mr. West gives
the vegetation of these lakes (including in many instances
mosses, lichens, and alga) in their submerged, littoral, and
surrounding conditions.

He discusses many subjects, and these papers, it is to be
hoped, will be followed up by others, after the manner of
Dr. Magnin with the French and Swiss lakes of the Jura, 2

and the United States in Bull. Michigan Fish Commission,
No. 2. " The Plants of Lake St. Clair," A. J. Pieters, 1894.

1. Ranunculus Flammula, L., var. natans (Pers.).—This
is a remarkable form of Flammula found by Mr. West in
two places, a floating form at the margin of peaty pools
about Morton Lochs, Tents Muir. " A strong plant 2 to
3 feet long," and a submerged form in the margins of lochs

I 1. " Comp. Study of Dominant Phanerogamic, etc., Flora of Aquatic
Habit in three Lake Areas of Scotland," Proc. Roy. Soc. Edin., xxv.,
1904-5, with fifty-five plates.

2. " A Further Contribution," as above, Proc. Roy. Soc. Edin., xxx.,
1910, with sixty-two plates.

2 " R ech. veget. Lacs du Jura," Revue Gen. de Bot., v. 241, 303.
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